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Taiwan LSI Co. Ltd. Leaps Ahead 


Organization—Toward 10% World Share in 2000: 
All of Taiwan Involved 


94FE0571A Tokyo NIKKEI MICRODEVICES 
in Japanese No 4, Apr 94 pp 28-40 


[Abstract] Taiwan’s LSI industry is a robustly growing 
industry. Japan has become the world’s supply depot for 
people’s everyday gadgetry such as television sets and 
video equipments including their main components. 
Taiwan is attempting to replicate the same fete with PCs. 
The motive for Taiwan’s tackling the LSI is precisely the 
“vertical integration’”’ which Japan’s full-line electric 
makers have been practicing. The administration has 
been working hard especially to promote the LSI, a 
nucleus component, and in a structure called “delegation 
and collaboration” wherein the roles are divided among 
public research organizations and small-scale private 
companies the whole of Taiwan functions as if they, 
united as a whole, were “Taiwan LSI Co., Ltd.” In such 
an environment, Taiwan’s LSI industry sets a new goal 
of obtaining 10 % of the world’s share in the year 2,000, 
and the administration and the industry move on with 
an all-out effort. As for the designing, their joint devel- 
opment project for the processor and memory is under 
way, and along with it the university education will be 
strengthened. As for the processing, newly established 
public research institutes have begun development of the 
next generation’s 0.25 um technology. The private sec- 
tor’s capital investments have been vigorous, and as for 
0.5 um, the system will be in place to produce 60,000- 
70,000 200-mm wafers per month at the end of 1995. 
(Yosuke Mochizuki). 


Glossary (alphabetical order) 

ASIC: application-specific integrated circuit 

CAD: computer-aided design 

CMOS: complementary metal-oxide semiconductor 
DRAM: dynamic random access memory 

EPROM: erasable programmable read-only memory 
ISDN: integrated services digital network 

LSI: large-scale integrated circuit 

MPEG: Motion Picture Coding Experts Group 
MPU: microprocessor unit 


SRAM: static random-access memory 


Structure: 10% As Its Share in the Year 2,000, Taiwan 
As Whole Tackles It.: Administration’s New Project 
Inaugurated. 


The aim of Taiwan’s LSI industry has become clear. 
They are after 10% of the world’s share in the year 2,000. 
New projects led by the administration and industry 
plans for plant construction are extending toward this 


target the LSI sales for Taiwan as a whole, about equal as 
of 1993 to that by the semiconductor sector of Mitsub- 
ishi Elctric. The administration has designated the LSI 
industry as the strategic industry, and inaugurated envi- 
ronmental provisions to promote plant construction and 
development projects narrowing down on the specific 
types of products such as DRAMs and MPUs. 


“We will gain 10% of the world’s share in the year 
2,000.” 


How expansive is Taiwan’s rapidly growing LSI 
industry going to be? The Economic Department (a 
counterpart to Japan’s MITI), the promoter for the LSI 
industry on which Taiwan as a whole has placed a 
heavy emphasis, has for the first time disclosed to this 
journal their aim for the share that Taiwan-made LSIs 
should have in the world market by the end of this 
century (Fig. 1). It is an expression of their resolution 
to up their share from a mere 4% as of 1993 to more 
than double in the next 7 years. 


Administration and Industry Work As Unit. 


Today in Taiwan it has become increasingly clear for the 
administration and the industry to tackle such an aim as 
one. While Japan’s LSI makers are engaged in business 
each on its own, in Taiwan they as a whole, including the 
administration, have been working in a systematic 
manner (Fig. 2). This structure has further been strength- 
ened (Fig. 3). It is not that the aim, “10% in year 2,000,” 
indicated in the headline by the Economic Department 
has been stipulated, but that it has become their drawing 
force as recognized and agreed upon among various 
departments of the administration, public research 
organizations, and industry. 


The administration has designated LSI as their strategic 
industry, and has been working to speed up the growth 
and expansion of the environment for the establishment 
of the companies and the plant construction. Further, 
the DRAM and MPU have been designated as their 
strategic products, and the projects to develop them were 
inaugurated between 1992-1993. The administration 
takes the leadership for the selection of the development 
projects and the sectors in charge, and the companies 
undertake the development projects along these plans 
(refer to “Part 2:Close Tie to PC Industry, Unfolding of 
Proposal-Type Business” on pp. 41-46). They have also 
begun strengthening the public research organizations. 
Although there are no consolidated data available for the 
administration’s annual budget allocated to the LSI, an 
excess of 100 billion yen have so far been invested in the 


electronics industry. 


Each of the companies pushes forward the fortification 
of the lines. Specifically, it has been made clear that each 
of the 6 major manufacturers of LSIs in Taiwan has in 
place its fortification plans for the wafer processing 
capability for this year as well as the next. 
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Fig. 1. 
Going after 10% Share in the Year 2,000. The target figures, disclosed during the interview with Taiwan’s Economic 
Department by the journal, are shown. For the world’s production in monetary terms, considered as the world’s 
supplies, the figures from the WSTS (the World Semiconductor Trade Statistics) were employed. The actual results 
were used for up to 1992 while the estimates from the WSTS for 1993, and it was assumed that they would grow by 
10% in and after 1994. 
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Fig. 2. Taiwan As a Whole One Major Domestic LSI Company. 


The universities and public research organizations are in charge of research, while the public research organizations 
are in charge of development, and a number of makers, design venture companies and others are in charge of the 
business end. It can be viewed that Taiwan as a whole acts as one domestic LSI maker. As a reference, as a flow of 
technology, the organizational names of the semiconductor department of NEC, the largest domestic maker, are listed 
alongside. 
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The capacity of the line to be newly operated is 60,000- 
70,000 units per month in terms of the 200mm wafer, 
and equals that of Japan’s three major companies com- 
bined (refer to “‘Part 3: Half-Generation Gap in Micron- 
ization, Construction in Succession for Pre-processing 
Plants” on pp. 47-55). 


Current Capability at Mitsubishi Level: Growth while 
Japan was Stagnant. 


Taiwan's LSI industry is rapidly growing. 


LSI sales for all of Taiwan have been growing vigorously, 
placing them regionally second after Korea at an average 
annual rate of 21.9% in 1989-1993. 


1993 sales for Taiwan as a whole were not yet enormous, 
and were comparable to those of the semiconductor 
department of Mitsubishi Electric (Fig. 1). But, the 
realization of a market share of 10% in the year 2,000 
means that revenue for Taiwan as a whole grows at 22% 
per year assuming that the world market grows at 10% 
per year. In comparison to the sales by solid major 
domestic LSI makers for 1993, in 1994 Taiwan will 
surpass the scale of Fuyitsu. 


1995 sales will be on a par with those of Hitachi, Ltd., 
and will approach Toshiba’s in 1996. In 1997 they are to 
equal those of NEC today. 


The reasons for the administration pushing the LSI 
business to that extent are to improve Taiwan’s import/ 
export balance and strengthen its international compet- 
itiveness. 


Currently, the situation is such that more LSIs are 
imported than crude oil, which is unthinkable in Japan. 
While Taiwan-made LSIs are becoming more prevalent, 
imports still account for 80% of Taiwan's market (Fig. 4). 
The idea is “to lower this to 65% by 1996” (the National 
Science Council [NSC]). By regions, the largest amount 
of imports comes from the U.S. and next from Japan. On 
account of this, the administration’s participation in 
planning measures for the technology to deal with the 
much-imported American MPUs and Japanese DRAMs 


began. 


In terms of strengthening Taiwan's international com- 
petitiveness, despite the electronic devices industry 
becoming the industry with the largest sales within 
Taiwan, there is a “sense of crisis that it would be left 
behind in the disparity of the system products” (the 
Economic Department) if it keeps depending on the 
outside for key components such as MPUs and memo- 
ries. This industry is attempting to remove the anxiety- 
creating factors which could precipitate the weakening of 
the PC industry. 
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Fig. 3. Administration and Industry Intimately Connected. 


Taiwan’s LSI industry is structured in a system wherein the administration and the industry are closely linked to each 
other. In the figure, the top half illustrates the administration while the bottom half the industry. Further, the flow for 
promoting the process technology development and that for strengthening the LSI design technology are juxtaposed. 
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Fig. 4. 80% of Taiwan’s Own LSI Market Relies on Imports. 


The purpose of the administration promoting the LSI industry lies in changing the current situation wherein LSI 
imports have surpassed those of the previous leading item, crude oil; in other words, domestically made LSlIs will 
gradually replace imports. Data by the Industrial Technology Research Institute (ITRI). 
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Roles Played by the Organizations and Companies Within Taiwan’s LSI Industry. 


In the table, ITRI refers to the Industrial Technology Research Institute, and NDL to the Nano Device Laboratory. 
The main purpose for establishing these public research organizations is to transfer the technology developed by 
universities and research organizations to the private-sector companies. 





Table 1. 
Administrative Institute Designation of LSI as the strategic industry. 








Investment of funds into the public research organization(ITRI, NDL) 





Establishment of investment environment such as preferential tax system 





Nurturing of the personnel (utilization of universities) 


Establishment of the environment to bring back the brains that have drained overseas (Hsinchu 
Science and Industry Park) 


Investment aids to the private-sector activities requiring enormous amount of investments 
Public research organizations Implementation of large-scale research and development projects 

Transfer and promotion of new technologies developed 

Nurturing of the personnel 




















Private-sector companies Active investments 








Presence of an active information device market within Taiwan 





and Collaboration: Taiwan As Whole Toshiba. It is a system whereby small-scale industries 
Functions As if One Company. are organically joined and function as a whole with a 
The structure of Taiwan’s LSI industry going after the | Purpose. This is called “delegation and collaboration.” 
aim of “10% in the year 2,000” is quite different from The structure is such that this system, unique to 
that in Japan or the United States. It is not unified on | Taiwan and successfully employed in the PC industry, 
the basis of individual companies such as NEC or _ is also put to work with the LSI. 





This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 

















JPRS-CST-94-016 
27 September 1994 





(a) 

@ Standard plant L Couputer_serket J 
OPlant ewned by ite company ,,; - 
OQService base —_.. te p. 39) 
OVacant lot Acer 














TSMC 
mon on 














(refer te p. 43) © Resideatial area 


@ Green area 
@ Schee) 
O Parking lot 





» =< 
oe" 








Fig. 5. The Whole View of Hsinchu Science and Industry Park. 





There are at present nearly 150 companies located shoulder-to-shoulder in Hsinchu Science and Industry Park. Among 
those, slightly more than 40 companies are LSI-related companies as of 1993. (a) is its whole view while (b) and (c) 
are photos of it viewed from the Northeast and Northwest, respectively. 





In order to function as one company, the administration 
and the LSI industry of the private sector are 

to have an extremely close-knit relationship with each 
other (Table 1). They share among themselves the “per- 
sonnel,” “materials (technology and environment),” and 
“money (funds)” which are the three main elements of 
the operational resources (Fig. 3). 

With such strong support by the administration, “Tai- 
wan’s unique environment unprecedented in the world” 
(per Tokyo Electron, exporter of the manufacturing 
equipment) has been completed in order to locate com- 
panies and plants: it is the Hsinchu Science and Industry 


Park (Fig. 5). Further, two projects whereby the admin- 
istration would support the development of the compa- 
nies are also under way. They are the “important parts 
and product development plan” of NSC and the “impor- 
tant parts/product development program” of the Eco- 
nomic Department. 


Participation by Over 85 Companies. 


“Delegation and collaboration” consists of the following 
relationships. The firms function as if they were one LSI 
business department with over 55 venture companies 
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Fig. 6. Steady Rise in Results of Companies Within 

Hsinchu Science and Industry Park. 
Key: (a) number of companies, (b) number of employees, 
(c) productions in monetary terms, (d) ratio of R&D 
costs to sales. For reference, the figures for Oki Electric’s 
semiconductor department, with a 1993 output equal- 
ling that of the park, are juxtaposed in (b) and (c). 
However, the number of Oki Electric’s employees is an 
estimate by this journal. 





acting as design units, over 10 companies acting as 
plants, and over 20 companies acting as the assembly 
department. 





highway 
Fig. 7. The Third Phase of Expansion Construction for 
Hsinchu Science and Industry Park is Under Way. The 
total area for the 3rd phase of expansion is 5.2 million 
m7; the civil construction for the 400,000 m? area will 
be finished within this year. 





In this, the public research organizations and universi- 
ties act as R&D bases for the LSI makers, and Taiwan as 
a whole acts as if it were one company (Fig. 2). 


LSI Production Will Grow by More than 50% and the 
Ratio of Sales to Profit May be More than 30%. 


Taiwan’s entire LSI sales have grown at an average 
annual rate of 21.9% in 1989-1993. The growth for LSI 
production only, excluding design and assembly, is at an 
extremely high 52.6% per year. 


In 1993, sales, surpassing assembly, ended up at the top 
in monetary terms. Design has steadily grown at 18.2% 
per year, while assembly has retained a slight increase at 
7.4% per year. The industry can no longer be referred to 
as an industry with only post-processing backed with a 
strength of cheap personnel cost. 


Profitable Proposition with a Low Overhead 


In fact, growth for the LSI manufacturers between 1992 
and 1994 shows high figures as in 86% per year for the 
largest, TSMC (Taiwan Semiconductor Mfrg. Co., Lid.) 
and 54% per year for UMC (United Microelectronics 
Corp.). 


While it is difficult to discuss Taiwan's aggregate profits, 
even though the number of companies Iisted in the Stock 
Exchange is not large, the ratio of profit to net sales for 
Taiwan's LSI makers 1s vy high. To list some 
examples, TSMC’s figure for 1993 is 33% with 25% for 
UMC and 28% for TI-Accr. Reasons for such a high 
profit ratio include a small R&D share and the applica- 
tion of the “tax holiday,” a 5-year tax exemption mea- 
sure. The majority of R&D is undertaken by the public 
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Fig. A. The Growth of LSI Production Is More than 50%. While the sales volume of Taiwan's LSis has grown at an 


annual average of 21.9% between 1989 and 1993, the growth of LSI production only, excluding design and assembly, 
is im fact at an extremely high 52.6%. Data from ITRI. 





organizations. The portion of RAD cost included in 
TSMC’s sales is a mere 1.7%. 


imaginary enterprise has been formed (Japanese major 
design ventures), as the manufacturers can be utilized as 


this enterprise’s own plants. Further, although there 


Taiwan's LSI Industry Led by the ERSO. The technolog- 
ical development for Taiwan's LSI began in 1974 when 
the Electronics Research & Service Organization 
(ERSO), a sub-organization of ITRI, introduced CMOS 
technology from RCA Corp. of the U.S.(Table B). At this 
stage the administration’s position is, in addition to 
making the LSI industry a part of RAD activities to 
bility for LSI production. 





Table B. The Chronology of Taiwan's LSI Industry. 




















Perteds (years) ( omtents 

1974 CMOS technology mtroduced to the ERSO from 
RCA 

1980 Birth of Taiwan's first LSI maker, UMC 

1984 Engineers returnmg from abroad established Quasei. 
Vitelsc, and Mosel. 

1987 Tarwanese government established TSMC wrth the 
local financaal sector and Phslsps 

1988 Berth of compantes funded by | arwanese capstal. 
such as HMC and Winbond. 








As a plant for experimental production of LSIs was 
established and its production was successful, the admin- 
istration decided to establish the LSI industry under the 
leadership of the local financial sector. In 1980 the 
ERSO transferred its technology to UMC, the first LSI 
manufacturer. 


In 1987 the administration rejuvenated the LSI industy 
by establishing TSMC jointly with the local financial 
sector and Philips Corp. The LSI industry has been 
steadily ing, and there were 10 manufacturers in 
Taiwan as of the end of 1993. 


Currently, the administration has the “sub-micron tech- 
nology development project” implemented ai plants 
where 200mm wafers are used, and its fruit, 4 M and 16 
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M DRAMs and 4 M SRAMs, has narrowed the gap in 
technical capability between Taiwan and the leading 
nations. 

LSI packaging and design have grown in unison with 
production. Taiwan's packaging industry began in the 
60's and 70’s. Microchip Corp.. TI Corp. of the United 
States, and Philips Elements Co., Lid. of the Netherlands 
were its technological sources. Circuit technology devel- 
oped in the 80's. The ERSO became its nucleus here as 
well. And in response to TSMC’s Si foundry business. 
over 50 design venture companies were established. 


Taiwan's LSI industry can be divided into the following 
periods: the germination period in the 60's, the tech- 
nology transfer period of the 70's, the technical develor- 
ment and dissemination period of the 80's, and the 
technological evolution period of the 90's. The main 
components such as mask production, design, LSI pro- 
duction, and packaging are well developed. The Si wafer 
is the only component totally dependent on imports, but 
it could be obtained within Taiwan in the near future. 
The LSI will lead Taiwan's future growth. (Chintay Shih, 
Deputy Director, ITRL) 


Taiwan's administration has deen rendering its support 
to solve this problem. Universities and ITRI as well as 
public research organizations such as NDL have taken 
charge of R&D. independently or in cooperation with 
industry. Industry alone does not develop the common 
technologies indispensable to the companies such as the 
individual processing and packaging element technolo- 
gies. As a result, a “system enhancing the industry's 
competetiveness” (Japan's major LSI companies) has 
been built as the disadvantages have been overcome and 
the overhead which would be added onto the cost (such 
as R&D cost) has been saved. 


Relationship Between the Administration and Industry 
Is Closely Knit. 

From the standpoint of the three major resources for 
operations, it 1s the “personnel” into which Taiwan has 
particularly been pouring its energy. While it 1s strength- 
ening university education pertaining to LSI, Taswan has 
adopted a policy to call back the brains which have 
drained overseas. 


In order to strengthen university education, the Educa- 
tion Department (a counterpart to Japan's Ministry of 
Education) and NSC (a counterpart to Japan's STA) 
have been supporting education pertaining to LSL' 
Unlike Japan, the number of students majoring in the 
software area such as LSI design without showing a bias 
toward the hardware area such as semiconductor physics 
is similar. They have organized curricula accurately 
capturing LS! industry trends toward the increasing 
importance of design. 


Desire for Strategic Affiliations with Japanese LSI and 
Liquid Crystal Companies. 

We have been thinking whether or not we could have 
strategic affiliations with Japanese makers for joint 
development projects. 
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Japan possesses internationally viable technological 
competitiveness while Taiwan internationall) viable 
manufacturing competitiveness. Up to now Japan has 
worked hard in the everyday-life devices and computer 
peripheral indusiries, but has now become isolated with 
regard to PCs. It could supplement Taiwan's lack of 
technology, and we believe it 1s 2 good oppurtunity. Up 
to now there are many areas controlled by the Unned 
States, but we could begin to manufacture highly value- 
added products competitive in the market through affil- 
tations. We want to build our relationships not as 
competitors but as partners 


The item in which we want to build strong relationships 
with Japanese companies is the LCD. Taiwan. 
attempting to grow in the notebook PC, will be con- 
suming a large quantity of LCDs im the future. In the 
long run, we want w develop the LCD industry in 
Taiwan where the market 1s. We want Japanese compa- 
nies to either form joint ventures with Taiwan firms or to 
locate their production bases in Taiwan 


The strength of Taiwan's PC industry 1s speed. What is 
most imortant is how quickly it can respond to rapid 
changes in market demand. The only thing is that we do 
not as yet possess the power to formulate the target for 
the new generation's industry, as in the case with Japar 
(Stan Shih, Chairman and CEO. Acer inc } 


Dr. Junichi Nishizawa, president of Tonoku University, 
points out, after his recent visit to Taswan, that Taiwan 
1s further ahead in high technology education than 
Japan, which 1s conservative as to curriculum changes 


Further, Taiwan has arranged a comfortable living envs- 
ronment in order to call back the brains which have 
drained overseas, such as the almost 200.000 students 
studying in the U.S. The number of returnees increased 
from several % in the 70's to about 20% in the 80's to 
more than 30% today. Tarwan has called back. for 
example, 11s students who constituted % of the graduate 
students majoring in electrical and electronic engineer- 
ings at the University of California at Berkeley. this 
graduate depariment 1s involved in research on cutting- 
edge device technologies and design methods 


Technology Transfer to the Industry Advances. 


The transfer of the second element, “materials.” namely. 
technology and environment, 1s nicely progressing 


ERSO., a sub-organization of ITRI. 1s in charge of 
technology transfer. The transfer of the technology 
developed by ERSO gave rise to TSMC and UMC, the 
second in line. The direction in the future will remain the 
same. A manufacturing company making. for example. 
16 M DRAMs uttlizing the technology developed by 
ERSO, will begin its operation within thes year (partially 
reported in the March, 1994 issue, pp 78-79) 


OEM to ODM, Taiwan's Movements Should Be More 
Observed. 


Taswan’s PC industry passed the OEM era wherein it is 
in charge of manufacturing only, and has come to the 
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Fig. D. The Ratio for “DM becomes 55% in 1993. ODM is an abbreviation for own design manufacturing. Unlike 
OEM whereby one undertakes the production only, it takes charge for design as well. It does not have its own brand. 





place where ODM occupies 55% (Fig. D). ODM means 
that it is in charge of designing and manufacturing, but 
that it does not own its own brand. It certainly has an 
ability to do design within Taiwan. 


This brought out what we want to demand from Japa- 
nese makers. We want Japanese LSI and LCD makers to 
pay more attention to movements in Taiwan. As a result 
of acquiring the power for design, it has come to the 
place where the selection of the components is imple- 
mented in Taiwan. We struggle to understand why Japan 
firms up on the specifications for chips and decides the 
sizes of LCDs only with the U.S. 


The growth of Taiwan’s PC industry is attributed to the 
building of the structure whereby the products in com- 
pliance with market demand can be shipped as quickly 
as possible. To give an example, the development cycle 
for the notebook PC is 4-6 months for us as opposed to 
about a year for the U.S. and 6-9 months for Japan. The 
component technology, in which Japan is strong, does 
not affect this much as it is standardized in the PC 
industry. ““Win or lose” is determined by how energeti- 
cally the product is designed and how quickly 
the product is finished. (C.S. Ho, Vice-Chairman, 
Mitec Inc. and Chairman, Taipei Computer Assn.) 


As for the environment, NSC has prepared the Hsinchu 
Science and Industry Park, a favorable district for the 
companies to build their plants, by :avesting 60 billion 
yen, and its expansion operations are in progress. 


As for the third element of “money,” namely, the fund 
aspect, there is the “tax holiday” system in place: a 
5-year tax exemption measure which is a preferential tax 
system for the companies. In order for a newly initiated 
venture firm to easily grow, each firm would request 
during the first 4 years the starting year for the tax 


holiday. Assuming that at the beginning of the establish- 
ment there are no profits generated and that there are 
profits generated in the 4th year on, in reality they can do 
without paying taxes for the maximum of 8 years?. 


nate ee Se ee 
ers to Conglomerates, and Next to the National 


The parent group for the LSI makers is becoming larger 
and lai ger. 

In the 1970’s the U.S. LSI makers played the main role, but 
in the 80’s Japanese full-scale electrical equipment compa- 
nies investing the profits from computers into LSIs usurped 
the main role. In the 90’s Korean conglomerates investing 
the profits from automobiles or ship-building into LSIs 
rapidly grew. What, then, is to come next? 


One of the directions can be seen in Taiwan. The project 
taken up by all of Taiwan has come to its fruition, and 
ERSO, a public research organization, has built Taiwan’s 
two largest makers by technology transfer. The U.S. has 
at this juncture started a national project for next- 
generation LSI development (related article on p. 68 of 
this issue). 

Maintenance and Expansion of the Hsinchu Science 
and Industry Park. 

The fruit of such support policies is the Hsinchu Science 
and Industry Park (Fig. 5). 


As the distributer pipes for O, and N, gases according to 
the grades are already buried underground below the 
park, the LSI makers have no need to own their own gas 
tanks. The system to receive the returning personnel 
from the U.S. with their families by setting up “bilingual 
schools” and an affordable housing environment have 
been prepared. The area for the first and second phases 
already completed encompasses 3.8 million m?. Com- 
pared to NEC Kyushu, this is approximately 30 times 


larger’. 
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The achievements by the companies within Hsinchu 
Park have steadily been increasing (Fig. 6). The number 
of LSI companies has steadily been increasing, and the 
proportion of the LSI industries occupies nearly 30%. 
According to statistical sources already completed for 
1993, output has been rising at an annual rate of 40% 
and the number of employees at an annual rate of 30%. 
Although the annual LSI output within the park is 
smaller than that of Mitsubishi’s semiconductor depart- 
ment, it surpassed that of Oki Electric Industry in 1993, 
which had twice as wide of a gap in 1989. 


The growth of the companies created a shortage of land, 
and the 3rd phase of the expansion operations is in 
progress (Fig. 7). The total area for the 3rd phase 1s 
expected to be 5.2 million m7’, and 400,000 m* of that 
will be prepared within this year. Besides major LSI 
makers such as UMC, LCD makers plan to build their 
plants on the new sites. 


Two New LSI Solidification Measures in Progress. 


There are in progress two projects, the development of 
which the administration supports by specifying the 
types of chips. NSC’s “important components and 
product development plan” commenced in 1993 and 
will be completed in 1997. NSC will support product 
development by the companies singularly or coopera- 
tively within the park. 16 M DRAMs, 32-bit MPUs, and 
ISDN chips are targeted. Approximately 18 billion yen 
over the 5 years will be invested for the “components 
indispensable for the multi-media era” (Mr. Nan-Hung 
Kuo, NSC Chairman) (Fig. 8). 


The “important components/products development pro- 
gram” of the Economic Department designated 66 items 
of systems and components as priority products in 
December, 1992, and the completion of their develop- 
ment is intended for June of 1997. It is clearly stipulated 
that ability to replace products imported from Japan is 
one of the criteria for the target products, which means 
that DRAMs and SRAMs are naturally included (Mr. 
Sheu Lai-Fa, Second Section Chief, Economic Depart- 
ment, Industrial Division) (Fig. 9). ITRI and ERSO will 
engage in product development in cooperation with the 
companies. 


The problem with such a rapidly growing Taiwan LSI 
industry is, after all, personnel. The number of electrical 
and electronic engineering students for all of Taiwan is 
smaller than that in Japan by one digit. There are no 
development projects for the “there is no excess in person- 
nel” type of production devices, materials, and CAD tools 
that could expand the LSI industry’s base (Economic 
Department, NSC), which means that for the time being 
they would relay on imports. (Yosuke Mochizuki) 


Footnotes: 


1. As for education, in addition to this, the Constitution 
stipulates that 15% of the administrative budget must 
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be earmarked for education, which makes the stan- 
dard high. The popularity of electrical and electronic 
engineering in universities is high as in Korea, and it 
has become the most difficult department to enter 
along with the medical department. The rate of going 
on to graduate school is high and the rate of studying 
in American schools is high as well. At Taiwan 
University (a counterpart to Tokyo University in 
Japan) 70% of the graduates from the Electrical and 
Electronic Engineering Department go on to graduate 
school, and 50% of them study in the U.S. 


2. In addition, to make it easy for individual investers to 
invest in the companies, they have adopted a system 
whereby the taxes for the individual investers are to 
be decreased if they invest in the high-tech compa- 
nies. 


3. Currently close to 150 information-related companies 
are standing shoulder-to-shoulder. The computer 
maker stands next to the LSI maker in what has come 
to be called the “Oriental Silicon Valley.” 


Design be ne a PC Industry, Toward 
Innovation-Driven Business 


94FE0571B Tokyo NIKKEI MICRODEVICES 
in Japanese No 4, Apr 94 pp 41-46 


[Text] 


Taiwan is steadily increasing its share of logic LSI. 
Taiwan’s LSI makers boast that they have come to hold 
40% of the world’s share for 386 and 486 desk-top PC 
chipsets. Based on a high-level ability to design such 
chips, LSI design education at the universities (where the 
number of chip test productions has increased 10-fold 
from that of 2 years ago) and the companies’ chip 
development form a closely knit system. Domestic LSI 
makers point out that we “should learn” from Taiwan's 
attitude of tackling the issuc Japan is now facing, i.e., 
strengthening design. 


The share for Taiwan-made chipsets to be installed in 
PCs is rapidly increasing (Fig. 1). As background to its 
building a high level of chip-design ability, as limited a 
field as it could be, lie the unversities’ personnel educa- 
tion (with today’s chip test production 10 times that of 2 
years ago) and the attitude of chip development at the 
design ventures, closely knit to the system makers. 


The nurturing of design engineers at universities (related 
articles on pp. 52-57 of Feb. 1994 issue of this journal) 
and the change of direction toward the system by the LSI 
makers are precisely the issues Japan is currently facing. 
A rapidly increasing number of people are pointing out 
that in this regard Taiwan is ahead of Japan and offers 
much to be learned (Toshiba’s design engineer). 


Toward 40% of the Share for PC Chipsets 


What has been gaining strength by the logic LSI is truly 
shown in the form of its increased share for PC chipsets 
(Fig. 1). 
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Acer Laboratories Inc. states that of the chipsets for 
desk-top PCs equipped with 386 and 486 MPU’, about 
12 million units are made in Taiwan. Taiwan shipped 
out 4 million of them in 1993. Since the world’s output 
for 1993 was about 30 million units, Taiwan’s market 
share was actually up to 40%. 


Not limited to PCs equipped with MPUs such as the 
486, the Taiwan-made units are begining to penetrate 
into the field of newly emerging PCs with RISC chips. 
NEC’s systems equipped with the R-4400 MPU, for 
example, use Acer Laboratories’ “PICA” chipset. NEC’s 
department in charge gives three reasons for using it: an 
early shipment date, sufficient quality, and a reasonable 
price. This is only one example, but some are beginning 
to point out that this is ““one piece of evidence to show 
Taiwan’s higher design capability—including product 
planning and the determination of specifications— 
compared to Japan” (NEC’s LSI Design Department). 


Chip Trial Production by Universities Has Increased 
10-Fold in 2 years. 


It seems that trial production of actual chips utilizing the 
LSI design data from universities will increase in 1994 to 
about 10 times that of 2 years ago. The students can 
examine the functions and actions of the LSIs they 
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themselves designed by using actual chips, and can 
enhance their design abilities. 


CIC is the nucleus organization to implement chip trial 
production by the universities (Fig. 2). CIC gathers the 
design data from a number of universities and commis- 
sions it to the Si foundries. 


The number of trial productions accepted by CIC rapidly 
increased from 23 for 1992 to 105, almost 5-fold, for 
1993 (Fig. 2). Further, Mr. Jen-Sheng Hwang, Deputy 
Director of CIC, estimates the figure to be close to 200 
for 1994. 


CAD tools Are User-friendly. 


An increasing number of tools available at universities 
and the result of the seminars that were held to teach 
CAD would account for the background to the increased 
trial production. There are many domestic LSI design 
sectors which conclude that CAD tools are user-friendly 
for students (Fig. 4). 


The increase in the number of CAD tools owned by the 
universities is due to the financial aid given by the 
administration. It is set up so that a university is able to 
use an expensive tool costing over 50 million yen per set 
for only 200 dollars per year paid by the university. The 
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Fig. 1. Taiwan-made Chips Steadily Penetrate into the Market. 
Key: (a) PC motherboard with a 486, (b) 1993 market shares of chipsets for 386 and 486 desk-top PCs. (c) VGA 


controller board, (d) board with an R-4000 MPU. 
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Fig. 2. Sharp Increase in Chip Trial Production by Universities. The Chip Implementaion Center (CIC), a sub-orga- 
nization under NSC, collects the design data from a number of universities, loads them onto masks, and commissions 
these to the Si foundries. 





CAD vendors have been promoting student participa- 
tion in industry seminars on how to use CAD. 


As for the tool the students actually use, a product of the 
U.S. firm Cadence Design Systems, Inc., the largest 
maker of CAD for LSI, is used. It is structured so that as 
they enter into the industry world, they can use the same 
tool they were familiar with at the universities. Further, 
a logic synthesis tool made by Synopsys, Inc. of the U.S. 
was introduced into universities beginning this March in 
order to teach logic synthesis technology utilizing the 
hardware description language (HDL), which has begun 
to penetrate into industry as a design method. 


Implementation of Education Aligned with Industry 
Trends. 


The specifics of the university education precisely cap- 
ture industry trends and offer a practical content staying 
current with the time. 


At Chiao T’ung University (a counterpart to Japan’s 
Tokyo Kogyo University), for example, which has the 
highest number of chip trial productions, “Experiments 
in LSI Design”, though not a required course, is incor- 
porated in a course to be completed. From the fact that 
a manual expounding how to use the CAD tool by 
Cadence is recommended as one of its reference books, 
we can see it being practical. 


In the experiments, processes indispensable to devel- 
oping actual LSIs such as circuit diagram input and post 


configuration and wiring inspection are incorporated. 
Further, subsystem design and system design are 
included.2 At the university the “VLSI and CAD Lab” 
(Fig. 5) is located where the students work with the CAD 
till late into the night. 


The chips actually designed are in conformity to practi- 
cality. The results of experimental chips such as ATM 
switches for B-ISDN, for example, are displayed at 
Chiao T’ung University (Fig. 5). Mr. C. Y. Chang, 
professor at the university and concurrently serving as 
Director of the Nano Device Laboratory (NDL), proudly 
mentions that over 20 chips were experimentally pro- 
duced in 1993 alone. 


Toward System, Proposal-Type Business Promoted. 


The LSI venture side accepting personnel with such 
education is beginning to firmly steer toward design 
closely tied with the system. They are trying to take 
advantage of having within Taiwan the makers for 
motherboards for PCs whose share has become number 
one and devices such as monitors and scanners (Table 1). 


[boxed material]Active Involvement in Top-Down 
Approaching a Half-a-Year to Year Lag Behind 

the U.S. 

Taiwan’s involvement in top-down design is “active and 

understood to be lagging anywhere between half a year 

and a year behind the U.S.” 


Cadence Taiwan, Inc., a subsidiary of the U.S. firm 
Cadence Design Systems, Inc., the largest maker of CAD 
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Fig. 4. The Number of Professors at Universities Participating in CIC’s Planning for Chip Trial Production. 





tools for LSI, analyzes the current situation involving 
Taiwan’s design in light of the CAD purchasing situation 
as follows: Cadence Taiwan, having more than 80 users 
in Taiwan, holds “over 70% of the share” for LSI CAD 
(the present company). 

The reason for its active involvement is said to be due to 
many small-scale design ventures. The designers, CAD 
engineers, and the engineers for the manufacturers need 
to more closely exchange data. [End of box.] 


A direct example of an intimately tied relationship to the 
system is that of Acer Laboratories, which ranked 2nd in 
sales according to 1992 statistics for Taiwan. 


Acer Labs designs and develops the chipsets used by 
Acer Inc., Taiwan’s largest PC maker. By selling this chip 
to the outside, its world market share of chipsets for 386 
and 486 desk-top PCs is up to 12.9%. It has taken 
advantage of having a strong system section within the 


industry group. 
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(c) 











(b) 





(d) | 











Fig. 5. Design Education at Chiao T’ung University. The CAD room is located on the university campus (a, b). The 
chips designed and experimentally produced here are arrayed (c, d). The chip in (c) is an ATM [asynchronous 
transfer mode] switch for B-ISDN. 





Further, the aspect of the business operations proposed to 
the system is beginning to emerge. This is particularly so 
with Weltrend Semiconductor, Inc., being a strong 7th. in 
sales within Taiwan as of 1992 but having grown about 
twice in comparison to the previous year. While its pro- 
duction scale for monitor and scanner chips is not large, 


Weltrend internally captures precisely the future trends for 
the devices and is an expert in proposing them to monitor 
or scanner makers. Of approximately 50 employees, 20%, 
i.e., 10 employees, have experience in designing such 
devices, which has allowed Weltrend to make its proposal- 
type business a reality. (Yosuke Mochizuki) 
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Table 1. Taiwan’s Typical Design Venture. 
Names of the Companies SIS Acer Laboratories Realtech Weltrend 
Scale of Business Sales Actual Results 6,200 4,900 [1.36] 2,300 [1.15] 660 [1.67] 
for 1993 (10,000 
dollars) [Ratio in 
relation to the 
previous year] 
Goals for 1994 8,900 7,000-9,000 3,700 [1.61] 1,150 [1.74] 
(10,000 dollars) [1.43-1.84] 
[Ratio in relation 
to the previous 
year] 
Profits Actual Results 620 No response 920 120 [5] 
for 1993 (10,000 
dollars) [Ratio in 
relation to the 
previous year] 
Goals for 1994 1,200 No response 1,480 230 [1.92] 
(10,000 dollars) 
[Ratio in relation 
to the previous 
year] 
Ratio of profit to [Actual Results 10%, 13% Below 30%, Abou! 40% 18%, 20% 
net sales* for 1993, Goals below 30%* 
for 1994} 
Employees Total [Ratio to 130 140 [1.17] 146 [about |.1] 40 [1] 
the Previous 
Year 
Education Indirect depart- 15% 10 No response 14 
ment 
Employment Graduate school 30% 50-60 »” 13 
completed 
System design 20% No response No response About 10 
experience 
Products to be stressed in the future “Pentium” “Pentium” Graphics LSI Monitor IC, 
chipset chipset, “R- LAN chips Scanner IC. 
4000” chipset, 
V/O chip, picture 
chip such as 
accelerator 

















* is an estimate by this journal. For the numbers of employees, figures as of the end of 1993 are shown. SIS stands for Silicon Integrated Systems, 
Inc. Because it publicizes its sales and profits only in Taiwanese dollars, | U.S. dollar is calculated at 26 Taiwanese dollars. 





Footnotes: 


1. They include “i 486” and “i 386” by Intel Corp. of 
the U.S. as well as MPU-compatible chips. 


2. The fruit of university education relative to system 
design is directly reflected in the “DSP Design 


Cham, >nship” sponsored by Texas Instruments 
Inc. (TI) of the U.S. in Taiwan. This is aimed at 
nurturing engineers with a knowledge of DSP [digital 
signal processing], and ‘*70%" of the electrical and 
electronic engineering students “participate in it” (TI 
Taiwan). The majority of the students are to have an 
experience in system design with LSIs. 
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Future Strategy of Top Officials from Three Taiwan 
Venture Companies. 


The top management officials from Taiwan’s three key 
LSI design venture companies were asked about strategy 
for future business operations, production operations, 
and design technology. 


Acer Laboratories: Developing Chipsets for Green PCs. 


As a subsidiary of Acer Inc., we design 386 and 486 
chipsets and sell to those outside the group as well. As for 
production, we have commissioned to companies such 
as TSMC. 


We are currently involved in chipsets for “Pentium” and 
green PCs, and believe this will significantly push up sales 
for 1994. We anticipate an increased profit, 1.4-1.8 times 
that of 1993. We are developing a low-demand chipset for 
notebook PCs. We want to see the volume shipped in a few 
years to be at the same ratio as that for desktop PCs. We 
have also begun designing an MPEG chip. 


Of about 140 employees, 70 are design and CAD engi- 
neers. Of these, 80-90% have completed Master’s 
degrees, and, thus, a high education level. (Chin-Ju Wu, 
President) 


Realtech Semiconductor: Connecting with the User, 
Including Software. 


We are engaged in operations revolving around ASSP 
[acoustics, speech and signal processing] products, 
including communications chips for graphics LSI, LAN 
and ASIC products with up to several thousand gates. 
We have just begun chip design for the MPEG | using 
the DSP and DCT core, and intend to ship the products 
by the middle of 1995. 


Our strength is not only in circuit design but in owning 
the knowledge of the set and BIOS. Not only through the 
chip but in conjuction with such knowledge we keep in 
touch with the user. In addition to ASSP and ASICs, we 
have microcomputers, and desire to stay involved in 
operations by taking advantage of such multi-faceted 
technology. (Chih-Chien Huang, President) 


Weltrend Semiconductor: Device Design 
Make Proposals to Product Planning and Users. 


We make LSIs for monitors and scanners the backbone 
of our operations. We have in our company about 10 
engineers experienced in designing such devices, and our 
priorities are in product planning and marketing. We 
take the specifications for the chip we planned ourselves 
to the device makers ahead of other companies, and 
make proposals as to the type of devices that can be built 
around that chip. Such an activity is the key to a 
successful operation, and we regard that as our strength. 


As for our products, we have shipped, ahead of others, 
monitor LSIs with a suspend mode able to control the 
demand. Looking globally, we are 6-7 months ahead of 
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other companies. The users rate our products high, and 
agree on our ideas integrated into the chip. (Stan S. Lin, 
President) 


Process Techno —Toward Finer Patterns: 
Rapidly New Fabs 


94FE0571C Tokyo NIKKEI MICRODEVICES 
in Japanese No 4, Apr 94 pp 47-55 


[Text] Taiwan’s process technology has plunged into the 
0.35-0.25 ym era for development and into the 0.5 pm 
era for mass production. From the standpoint of making 
finer patterns, it has closed up the gap behind leading 
Japan, Korea, and the U.S. to a half-generation lag. In 
terms of development, it experimentally produced 16 M 
DRAMs and completed development of 0.5 um ICs as of 
1993. As for individual processes, it has started devel- 
opment of 0.35-0.25 4m component technology, and in 
1996 will begin 0.15 ym technology. In terms of mass 
production, it is currently building plants with the 0.5 
pm rule. However, from the standpoint of technology 
such as production equipment, there are still many 
makers considered “lacking in power.” It has not 
reached the level at which the equipment can be corpo- 


rately developed. 


Taiwan’s process technology, from the standpoint of 
making finer patterns, has rapidly been approaching 
leading Japan, Korea, and the United States. 


In terms of development, it has completed the building 
of the 0.5 ym total process, and has already been engaged 
in R&D of 0.35-0.25 pm element technology. It will 
commence research on 0.15 ym element technology in 
1996. 


In terms of mass production, the gap between it and the 
leading makers is rapidly shrinking; it was behind by one 
and a half generations for the 2 ym rule, behind one 
generation for the 1.2 ym rule, and behind less than a 
generation for the 0.8 ym rule. Further, all the plants 
emerging from the end of 1994 through 1995 are for the 
0.5 pm rule, and it will approach a lag of one-half 
generation (Fig. 1). However, from the standpoint of 
production technologies such as devices and materials, 
domestic production device makers and wafer makers 
point out that Taiwan still lacks in “strength.” 


Development Toward the Post 0.35 pm Era 


In terms of development, 0.5 ym technology was com- 
pleted in 1993. Specifically, ERSO, a public research 
organization leading Taiwan’s process technology, has 
completed its trial production of 16M DRAMs, the 
process driver of Taiwan’s technology to make finer 
patterns. The Nano Device Laboratory (NDL), inaugu- 
rated in 1992 and engaged in research on individual 
processes, is already into R&D of 0.35-0.25 um element 
technology, and plans in 1996 to start 0.15 ym tech- 
nology as well. 
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Fig. 1. Lag in Technology te Make Finer Patterns Shrinks to Half a Generation. 
These are road maps for the technology to make finer patterns by Taiwan’s LSI manufacturers and public research 


organizations such as ITRI. 





With regard to process development, ERSO’s changing 
direction has now become clear. So far, ERSO has been 
building the total process, due to a weak technological 
development ability on the part of Taiwan’s LSI makers. 
This means that the role will change to that of the 
development of individual processes. This is because each 
company’s ability for development has been strengthened. 


Mr. Chintay Shih (Fig. 2), one of the founders of ERSO 
and currently Deputy Director of ITRI, umbrella orga- 
nization to ERSO, analyzes that each company has 
gained an ability to set up Taiwan's process technology 
for the total product process. As a result, ERSO in the 
future is to tackle the development of individual pro- 
cesses in cooperation with NDL. 
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Table 1. 
Operations by Manufacturers Owning Bases for Pre-Processing. The number of employees is as of the end of 1993. The 
low values with *1 are due to trial production using the mass-production line. The sales and profits by Mosel-Vitelic were 
calculated at 1 U.S. dollar = 26 Taiwan dollars. 















































Names of the Companies TSMC UMC | Tl-Acer | Winbond | Macronics | Mosel-Vitelic 
Main operations Si Foundry Output of products by own company Transformed 
from a design 
venture 
Business Sales Actual Results | 47,440 38,500 22,700 18,700 14,500 [2.3] | 24,000 [1.11] 
Volume for 1993 [1.82] [1.54] [3.66] [1.64] 
(10,000 dol- 
lars) [Ratio in 
relation to the 
previous year] 
Goals for 1994 | 64,000 46,200 [1.2] | 26,200 31,000 23,000 [1.6] | 28,000 [1.19] 
(10,000 dol- {1.35} {1.15} [1.66] 
lars) [Ratio in 
relation to the 
previous year] 
Profits Actual Results | No response | 11,500[1.2] | 6,300 NO 1,800 3,700 [3.07] 
for 1993 response 
(10,000 dol- 
lars) [Ratio in 
relation to the 
previous year] 
Goals for 1994 | No response | 9,600 [2.1] 6,500 [1.03] | Noresponse | 5,283 [2.9] 4,700 [1.26] 
(10,000 dol- 
lars) [Ratio in 
relation to the 
previous year] 
Ratio of Actual Results 33% About 25% 28% No response | about 12.5% | 15.5% 
profit to net | for 1993 
sales 
Capital Goals for 1994 | No response | No response | 5,100 12,000 6,000 [2.7] No response 
investment (10,000 dol- 
lars) 
R&D costs [Ratio in relation About 440 [8-10%] 700 [2.7%] [8- 10%} [About 10%} | [6-10%} 
to sales] [1.7%]*! 
Employees Total (Number) [Ratio to the 2,294 [1.21] | About 2,000 | 852 [1.06 1,629 {1.25} | 987 [1.23] 5% 
Previous Year] [1.03] 
Graduate school completed 246 212 72 195 170 106 
(number) 
Indirect department (number) No response | No response | About 330 About 490 $47 393 
Those with experience working | 25 5-10% of 4 No response | 30 34 
for American makers (number) the total 
Representa- Memory 25-30% is High-speed DRAM Hi Mask ROM DRAM, 
tive memory. SRAM, SRAM Flash SRAM, 
products High-inte- , nonvolatile 
gration EPROM memory 
mask ROM 
Logic 70-75% is MPU, MPU | ASIC Communr Communt- 
communica- chips such related 
tions, 1/O as LAN, 
chips multi-media 
chips. 
MPEG, 
“HP- PA™ 
































This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 











JPRS-CST-94-016 
27 September 1994 


21 





(>) 














Fig. 2. One Segment of the Activities at ITRI, Engaged in Development of the Total Process. 


Key: (a) Mr. Chintay Shih, Deputy Director of ITRI. He is one of the founders of ERSO, and was involved in founding 
UMC and TSMC; (b) the plant built by ERSO, a sub-organization under ITRI for the sub-micron project; the plant 
is for 0.5 ym technology; (c) 16M DRAM developed by ERSO; (d) cross sectional view via an SEM. 





NDL: the Nucleus for Cutting-Edge Development 


NDL will be the nucleus for development of 0.35 ym 
technology and after (Fig. 3). NDL is well into R&D of 
0.35 pm technology, and has just begun R&D for 0.25 
pum element technology. It is a Class 10 facility, partially 

containing Class 1, and has a large clean room measuring 
55 33.8m where Tokyo Electron’ s oxide film etcher and 
Nichiden Aneruba’s polycrystalline Si and metal etchers 
are in operation. The development of the 0.15 ym rule 
element will “commence in 1996” (Mr. C. Y. 
Chang, chief of NDL and concurrently a professor at 
Chiao Tung University and Director of the Engineering 
Institute). 


The system is designed in such a way that outstanding 
enginecers—who could be regarded as key men—from 
TSMC, Taiwan’s largest LSI manufacturer, and UMC, 
the second largest, converge at NDL to cooperatively 
develop technology that is released into the private 
sector. 


NDL places its priority particularly on lithography tech- 
nology among the items under R&D. This is because 
lithography is “naturally indispensable” in promoting 
the making of finer device patterns. (Mr. C.Y. Chang of 
NDL). 


In terms of the fundamental policy for development, 
NDL is moving toward using an i-ray as the exposure 
light source for up to 0.35 ym and not ultra-resolution 
technologies such as phase shift method or deformation 
lighting method. 


For 0.25 ym technology, mix-and-match with the elec- 
tron beam (EB) direct writing technology and the i beam 
technology is expected. The EB direct writing device is 
being independently developed within NDL as there 
would be delay in the development of the process device 
if NDL totally relied upon the Japanese makers. It is said 
that the goal for the throughput in question is 10 sheets 
per hour. 


For flattening, NDL’s goal is no different from that of 
Japan in that it is using a device made the U.S. firm 
Westech Systems, Inc., based on chemical machine pol- 
ishing (CMP) technology, despite some time delay. 


In addition, NDL has taken up as important themes 
items such as a heterobipolar technology using SiGe via 
an ultra-high-vacuum CVD apparatus for making high- 
speed devices (though not CMOS technology), MMICs 
using modulation-doped FETs and GaAs FETs, and, 
further, quantum elements. 
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Fig. 3. Segment of NDL Activities Engaged in the Development of Individual Process. 
Key: (a) Mr. C. Y. Chang, Director of NDL and a professor concurrently at Chiao Tung University, (b) building at 


NDL; (c), (d) interior of the clean room. 





Companies Begin Construction of New Plants in 
Succession. 


In terms of mass production, companies in the private 
sector are building plants with 0.5 m-rule technology to 
make finer patterns (Fig. 4, Table 1). 


Each of Taiwan’s six major LSI makers has plans to start 
new plants and lines in 1994-95, and the aggregate 
production capacity for all these will reach 60,000- 
70,000 200mm wafers per month. To give some exam- 
ples, TSMC plans to start production of 10,000 wafers 
per month at “Fab 3” for the Ist. phase by the end of 
1995, while UMC will produce 15,000 wafers per month. 


From the standpoint of production/device technology, 
however, the situation is that they will purchase the 


standard products manufactured by the device manufac- 
turers, and that there is no demand for special options 
(domestic major production device makers). It has not 
reached the point yet where there would be joint devel- 
opment of the production devices as in rapidly emerging 
Korea’s Samsung Electronics 


What is to be especially noted in terms of production 
technology 1s TSMC’s plants. The company claims that 
the construction costs were reduced by 30% by 
employing the “SMIF (Standard Mechanical Interface)” 
box at its second plant, “Fab 2,” in order to locally 
enhance the degree of cleanness. The use of this SMIF 
box is under study at its new plant, “Fab 3,” whose 
construction began in December, 1993, with a 1995 goal 
for start of operations. (Yosuke Mochizuki) 





Fig. 4. Jam-Packed with Plant Plans. 


“Fab 1” by Mosel-Vitelic indicated by *1 is for a test purpose only. The enforced segment of what is indicated by *2 
is for 0.6-0.5 m-rule technology. *3 indicates that currently the trial production line has already installed the device 
with a capacity of 3,000-5,000 wafers per month. The clean room already possesses a capacity of 10,000 wafers per 


month. See facing page 
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The top management officials of Taiwan's six major LSI 
operations, investment plans, product involvement, and 
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TSMC: Si Foundry to be Expanded, Construction of 
New Plants to Begin. 


We specialize in Si Foundry, and our existing plants are 
operating at near capacity with an extra room dedicated 
to 5,000 150mm waiers per month at “Fab 2 B.” 





Fig. A-1. Plant Site for TSMC's “Fab 3.” 
The plant. site preparation for which beyan in December, 1993, is to be operational sometime during 
processing capability for phase 1 is 10,000 wafers per month, and total floor area is 90,000 m’. Plans call for full 
operation by the 4th quarter of 1994; this will involve 25,000 wafers per month. 


1995. The 





For that reason, we began construction of our new “Fab 
3” in December, 1993 (Fig A-1). It is geared for 200mm 
wafers, and is to be operational sometime during 1995. 
Its processing capability for phase | is 10,000 wafers per 
month. The entire floor area covers 90,000 m7’, and we 
want it to be at full operation by the 4th quarter of 1994. 
In the end, 800 million dollars will have been invested. 
We are now considering beginning construction of “Fab 
4,” depending on market trends, in the 4th quarter of 
1997. 


We initially relied on the outside for the development of 


the process technology and the selection of the produc- 
thon device, but now we do them on our own. We have 60 
engineers for process development. RAD cost against 
sales is 2-3%, which is low, but this is because the trial 
production 1s conducted on the mass-production line. 
For the selection of the device, the stepper at “Fab 1.” 
for example, was that made by Nikon, but at “Fab 2” we 
switched to one made by ASM_ This was the result of our 
own judgement as our operations are with Si foundry. 
and from the standpoint of mask alterations. The pro- 
duction device for “Fab 3” ts currently under consider- 
ation, and will be decided upon within this year. 


We currently have, roughly speaking. three types of 
processes available. These are SRAM, logic such as 
ASIC, and analogue-digstal consolidation. We are devel- 
oping a 0.6 ym 2-layer polycrystalline Si/24ayer metal 
wiring technology for the SRAM process and a 0.6 um 
i-layer polycrystalline Si/34ayer metal wiring tech- 
nology for logic with the aim of mass production. As the 
production capacity for 0.5 um-rule technology will be 
high once “Fab 3” is built, we want to expand the 


commussion of DRAM and flash memory which would 
assure volume production. (F.C. Tseng, Vice-President, 
Operations, TSMC) 


UMC: Serious Look at Ratio of Profit to Net Sales, 
Target of 25% for 1994 as Weil. 


We are Taiwan's first LSI maker, and produce the 
products designed by ourselves. Our products include 
high-speed SRAM and chips for MPU peripherals. The 
current operational emphasis 1s, rather than the market 
share, how to increase profits. For 1994 we want to 
secure 25%, the same as for 1993, as the ratio of profit to 
net sales. The market share follows as a result. Our sales 
are currently in the 32nd place worldwide, and we think 
it would be good if we could be among the top 20 by the 
year 2,000. 


We are promoting process improvements im order to 
raise productivity, and shifting to products with a high 
added value. 


The process promotes making of finer patierms. The 
ratios of the annual output for 1993 were 50% for 08 
pm-rule chips and 20% for 0.6 ym-rule chips. For 1994, 
we will make these ratios be 30% for the 0.8 ym rule, 40% 
for the 0.6 um rule, and 5-10% for the 0.5 um rule. To 
ensure the production volume for the 0.6 ym rule, the 
memory sector such as high-speed SRAM and large- 
capacity mask ROM (Fig. A-2) will be strengthened. And 
for the same purpose. Si foundry operations for 0.6 pm 
ICs will begin. 

Products such as MPUs and their peripheral chips and 
chipsets designed by ourselves as products with high 
added value will be expanded. Chipsets for “Power PC” 
and “Pentium” are being planned. We cannot mention 
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Fig. A-2. 32 M Mask ROM Experimentally Shipped by 
UMC, 

Currently a plant, “Fab 3,” for the 0.5 ym rule and the 

200 mm wafer is being designed. 





anything about the “486” compatible with that by Intel 
Corp. of the U.S. being talked about in the industry. 


Currently a plant, “Fab 3,” for the 0.5 um rule and the 
200 mm wafer is being designed. Its construction will- 
begin in April, and the device will be deployed with one 
year as its target date. The plant is scheduled to be 
operational at the end of 1995. In terms of its processing 
capacity, it will initially be 15,000 wafers per month. In 
1997 it will be ready for the 0.35 um rule. The existing 
building is almost at full operation. The development of 
the process technology was initially handled by ITRI, but 
currently we are proceeding on our own. (John Hsuan, 
President, UMC) 


TI-Acer: Yield of 0.8 :m-Rule ICs Is at the Top Among 
all of TI. 


Tl-Acer was established as a DRAM manufacturing 
company with a joint investment by Texas Instruments 
Inc. (TI) of the U.S. and Acer Inc., Taiwan’s largest 
computer company, and began producing 4 M DRAMs 
in 1991. The yield at “Fab 1” plant, where 15,000 
150mm wafers per month flow out, is very high. It is at 
the top among the 0.8 um plants for which TI made its 
technology available with the yield of the wafers being 
more than 95%. At the initial stage of its operation, it 
received assistance from Miura plant of Japan TI and 
Douglas plant of the U.S., and subsequently, we have 
been on our own. Tl-Acer has been in the black on a 
single-month basis since 1992. 


During the first phase of operation, we are promoting the 
finer patterns of 0.8 um ICs for 0.6 um chips. We are 
switching to the production of 4 Ms in “super shrink 
version” using the process for 16 M DRAMs. It looks 
like the production of 16 Ms will begin at the end of 
1994. 
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For the 2nd phase expansion, the construction of the 
clean room will begin in the 4th quarter of 1994 (Fig. 
A-3). The device will be deployed in the 2nd quarter of 
1995. It will be for 200 mm wafers, and the processing 
capacity will be 9,000 wafers per month. “Fab 2” will 
probably begin to be built in 1997-1998. A parking lot 
will be demolished for its construction. 


We are considering producing not only DRAMS but also 
logic products in 1995 on. This is due to the demand 
made by the investor, Acer. The processes for MPUs, 
gate arrays, and DSP are under discussion. We will end 
up using the 3-layer metal wiring technology by the 
0.7-0.6 ym rule. Initially, a 5V power supply will be used, 
but in 1996-1997 manufacture of products with a 3.3 V 
power supply is planned. (B.W. Shen, Associate Vice- 
President, Ti-Acer) 





Fig. A-3. The Site for the Clean Room to be Built by 
Tl-Acer. 
The expansion of the clean room will begin in the 4th 
quarter of 1994. It will be for 200mm wafers, and its 
processing capacity will be 9,000 wafers per month. 





Winbond Electronics: Geared for Era of Multimedia, 
Strengthening Logic Operations. 


The backbone of our products are PC-related chips, LSIs 
for everyday gadgets, and memories. As for those rela- 
tive to the PC, we began to ship sample chipsets for the 
“green PC” in January. We are also developing a chipset 
for “Pentium.” 


In addition to these, we are considering as a future 
priority a product line for multimedia devices. To give 
some examples, we would design and manufacture 
MPEG chips and “PA-RISC” chips, the latter first 
developed by Hewlett-Packard Co. of the U.S. 


We have a license for PA-RISC from HP only pertaining 
to the instruction set, and design chips ourselves. We 
have in our company those experienced in design of 
chips for “MIPS” and “SPARC,” and have enough 
talent. 


We currently possess the 0.6 ym process technology for 
SRAM. This is a 2-layer polycrystalline Si/2-layer metal 
wiring technology. We hope to make this adaptable to 
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logic within this year. At the same time we want to make 
SRAM adaptable to 0.5 pm rules. For this year, the 
process is geared for a 5 V power supply, but we want it 
to be for a 3.3 V power supply. 


As for the plants, we have 20,000 125mm wafers per 
month capacity at “Fab 1” and 12,000-15,000 150mm 
wafers per month capacity at “Fab 2” (Fig. A-4). Cur- 
rently wafers for the 0.8 um and 0.6 um rules flow 
equally at Fab 2, but these will be shifted to 0.5 ym in 
1995. The 0.6 pm will be for logic LSIs and the 0.5 pm 
for memories. Fab 2 currently remains half idle, but our 
thought is to bring it to full operation by the end of the 
year by deploying the device. (Ding-Yuan Yang, Presi- 
dent, Winbond Electronics) 


Macronics International: Pouring Energy into Flash 
Memory by Own Cell Technology. 


We are mainly involved in mask ROM and EPROM 
products, and the non-volatile memory is the backbone 
of our operations. In the future the flash memory will be 
strengthened. 


We currently manufacture flash memories in | M and 4 
M, and want to produce 16 M samples for the electric 
property evaluation in the middle of 1994, and to 
mass-produce them at the end of 1994. We are moving 
with the plan to begin shipping samples of 32 M or 64 M 
in 1996. 


The mask ROM and EPROM will strengthen our 
product line. We are currently shipping mask ROMs of 
up to 16 M, and will begin shipping 32 Ms in the 3rd 
quarter of this year. We are developing 8M EPROMs, 
and plan to mass-produce them by the end of the year. 


We currently have “Fab 1” to make such products. It has 
a 25,000 150mm wafers per month processing capacity, 
but currently is operating at half capacity, 12,000 wafers 
per month. Our thought is to increase the capacity at two 
stages, the middle and end of 1994, and to its full 
Capacity next year (Fig. A-5). From this plant, we antic- 
ipate sales of about 500 million dollars in 2-3 years. 


For the next leap, “Fab 2” will become necessary. We 
want to begin its construction around 1996, and to begin 
production by 1998 at the latest. The period between full 
operation at “Fab 1” and the start of the construction for 
“Fab 2” is long, but we will stretch output by commis- 
sioning production to the outside. 
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The fundamental technology for the memory cell which 
would make the large-capacity flash memory a reality 
has already been established. A dual-power-supply 
method is utilized for the 1M and 4M, but a gate 
negative voltage application method was employed to 
solve the hot hole problem. The 16M utilizes both 3.3V 
and 5V, but the same cell technology will make it into a 
reality. 


For the read-out for 3.3V, a method wherein the word 
line is boosted is employed. To unify with 3.3V seems 
technically possible, but mass production is still difficult. 
We developed a cell structure called ‘‘flat type.’’ For the 
injection and emission of the electrons, a structure 
whereby the F-N tunnel current is sent is employed. We 
already own close to 10 patents on the cell technology, 
and will apply another 10 patents within this year. (Miin 
Wu, President, Macronics International) 


Mosel-Vitelic: From the Si Foundry Dependency to 
Manufacturing Own. 


While piling up achievements in high-speed DRAM and 
SRAM, the majority of the production has been sent out 
up to now, but the in-house production will be strength- 
ened from now on. The rationale for this was that the 
production capability of the consignee is limited and that 
in-house production costs less and the profit would be 


higher. 


Currently a clean room is being installed in the existing 
building (Fig. A-6). On the premises of the same tech- 
nology used by Oki Electric Industry to whom we have 
up to now subcontracted the production, we are selecting 
the devices on our own. Our plan is to make the clean 
room operational within this year, and its initial produc- 
tion capacity is to be 10,000 150mm wafers per month. 
Specifically, the devices will be deployed in May and a 
partial operation will begin in June. In October, small- 
scale experimental mass production will begin. Our 
thought is to implement additions to the facilities some- 
time in 1995. 


DRAMs account for 70% of product sales. The universal 
DRAM for main memory and the VRAM for video are 
the main part. The 4M video memory with 0.55 pm rules 
will be shipped as samples. The stack-type memory cell is 
employed. While the 8M has a degree of integration 
suitable for video, its commercialization is still being 
discussed. 


In addition, we design SRAMs, with production com- 
missioned to TSMC and UMC. (Thomas Chang, Wafer 
Production Director, Mosel-Vitelic) 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 

















BULK RATE 
U.S. POSTAGE 
PAID 
PERMIT NO. 352 
MERRIFIELD, VA. 











This is a U.S. Government publication. Its contents in no way represent the 
policies, views, or attitudes of the U.S. Government. Users of this publication may 
cite FBIS or JPRS provided they do so in a manner clearly identifying them as the 
secondary source. 














Foreign Broadcast Information Service (FBIS) and Joint Publications Research Service (JPRS) 
publications contain political, military, economic, environmental, and sociological news, commentary, 
and other information, as well as scientific and technical data and reports. All information has been 
obtained from foreign radio and television broadcasts, news agency transmissions, newspapers, books, 
and periodicals. items generally are processed from the first or best available sources. It should not be 
inferred that they have been disseminated only in the medium, in the language, or to the area indicated. 
Items from foreign language sources are translated; those from English-language sources are tran- 
scribed. Except for excluding certain diacritics, FBIS renders personal names and place-names in accor- 
dance with the romanization systems approved for U.S. Government publications by the U.S. Board 


of Geographic Names. 


Headlines, editorial reports, and material enclosed in brackets [] are supplied by FBIS/JPRS. 
Processing indicators such as [Text] or [Excerpts] in the first line of each item indicate how the 
information was processed from the original. Unfamiliar names rendered phonetically are enclosed in 
parentheses. Words or names preceded by a question mark and enclosed in parentheses were not clear 
from the original source but have been supplied as appropriate to the context. Other unattributed 
parenthetical notes within the body of an item onginate with the source. Times within items are as given 
by the source. Passages in boldface or italics are as published. 











SUBSCRIPTION/PROCUREMENT INFORMATION 


The FBIS DAILY REPORT contains current news 
and information and is published Monday through 
Friday in eight volumes: China, East Europe, Central 
Eurasia. East Asia, Near East & South Asia, Sub- 
Saharan Africa, Latin America, and West Europe. 
Supplements to the DAILY REPORTs may also be 
available periodically and will be distributed to regular 
DAILY REPORT subscribers. JPRS publications, which 
include approximately 50 regional, worldwide, and 
topical reports, generally contain less time-sensitive 
information and are published periodically. 


Current DAILY REPORTs and JPRS publications are 
listed in Government Reports Announcements issued 
semimonthly by the National Technical Information 
Service (NTIS), 5285 Port Royal Road, Springfield, 
Virginia 22161 and the Monthly Catalog of U.S. Gov- 
ernment Publications issued by the Superintendent of 
Documents, U.S. Government Printing Office, Wash- 
ington, D.C. 20402. 


The public may subscribe to either hardcover or 
microfiche versions of the DAILY REPORTs and JPRS 
publications through NTIS at the above address or by 
calling (703) 487-4630. Subscription rates will be 





provided by NTIS upon request. Subscriptions are 
available outside the United States from NTIS or 
appointed foreign dealers. New subscribers should 
expect a 30-day delay in receipt of the first issue. 


U.S. Government offices may obtain subscrip- 
tions to the DAILY REPORTs or JPRS publications 
(hardcover or microfiche) at no charge through their 
sponsoring organizations. For additional information 
or assistance, call FBIS, (202) 338-6735,or write 
to P.O. Box 2604, Washington, D.C. 20013. 
Department of Defense consumers are required to 
submit requests through appropriate command val- 
idation channels to DIA, RTS-2C, Washington, D.C 
20301. (Telephone: (202) 373-3771, Autovon: 
243-3771.) 


Back issues or single copies of the DAILY 
REPORTs and JPRS publications are not available. 
Both the DAILY REPORTs and the JPRS publications 
are on file for public reference at the Library of 
Congress and at many Federal Depository Libraries. 
Reference copies may also be seen at many public 
and university libranes throughout the United 
States. 





ETO EE 


END OF 
FICHE 
DATE FILMED 
IF OuGY 








